A Short-run Economic Analysis of Some Factors Influencing the Supply of Beef-cattle at Auctions in South-eastern Botswana, 1976-1980 by Sinombe, Kene Patrick Cyril
South Dakota State University 
Open PRAIRIE: Open Public Research Access Institutional 
Repository and Information Exchange 
Electronic Theses and Dissertations 
1982 
A Short-run Economic Analysis of Some Factors Influencing the 
Supply of Beef-cattle at Auctions in South-eastern Botswana, 
1976-1980 
Kene Patrick Cyril Sinombe 
Follow this and additional works at: https://openprairie.sdstate.edu/etd 
Recommended Citation 
Sinombe, Kene Patrick Cyril, "A Short-run Economic Analysis of Some Factors Influencing the Supply of 
Beef-cattle at Auctions in South-eastern Botswana, 1976-1980" (1982). Electronic Theses and 
Dissertations. 4173. 
https://openprairie.sdstate.edu/etd/4173 
This Thesis - Open Access is brought to you for free and open access by Open PRAIRIE: Open Public Research 
Access Institutional Repository and Information Exchange. It has been accepted for inclusion in Electronic Theses 
and Dissertations by an authorized administrator of Open PRAIRIE: Open Public Research Access Institutional 
Repository and Information Exchange. For more information, please contact michael.biondo@sdstate.edu. 
A SHORT-RUN ECONOHIC ANALYSIS OF SOME 
FACTORS INFLUENCING THE SUPPLY OF BEEF-CATTLE 
AT AUCTIONS IN SOUTH-EASTERN BOTSWANA (19 7 6-1980) 
BY 
KENE PATRICK CYRIL SINOMBE 
A thesis submitted 
in partial fulfillment of the requirements for the 
degree Master of Science 
Major in Economics 
South Dakota State University 
1982 
STATE UNlVERS\TY LlBR
ARY 
SOUTH OAKOT A 
A SHORT-RUN ECONOMIC ANALYS I S  OF SOME 
FACTORS INFLUENC ING THE SUPPLY OF BEEF-CATTLE 
AT AUCTIONS IN SOUTH-EASTERN BOTSWANA (19 7 6-1980 )  
This the s i s  is  approved a s  a creditable and ind ependent 
inve s t igat ion by a candidate for the degree , Mas te r  of S c ienc e , and is  
accep t able for meet ing the the s is req uirements for this degree . Accep -
tance o f  this the s i s  does no t imp ly that the conclus ions reached by the 
candidate are nece s s arily the conclus ions of the maj o r  department . 
R .  C .  Shane 
The s i s  Advi sor 
C .  E .  LaiiH5er ton 
Maj or Advisor 
� J • t:. Thomps� 
Head , Economic s  Department 
Date 
Da t 't(  
Date 
AC KNOWLEDGE MENTS 
I wish to pay special grati tude to Dr . R. C .  Shane for hi s guid­
ance , supp o r t , pat ience and understanding from the forma t ive s tages o f  
this the s i s  t ill the end . 
Thanks are also due to Drs . D .  Taylor , H .  Kim , L .  Jansen and 
C . E .  Lamberton for help ing with sugges t ions and clari fy ing concep ts in 
the ini t ia l  formulat ion of the bas ic ideas that made up this thes is . 
Appreciat ion , for  his pat ience and ready as s is tance , i s  al s o  extended to 
Mr . W. Hovland , who went even beyond the normal call of duty , to help in 
the computer analy s i s  of the data . 
My s incere thanks and appreciat ion to the s ta f f  at the Ministry 
of Agricultur e , Departmen t o f  Metereology , the Bo t s wana Meat Commiss ion , 
Orapa D iamond Mine , for their invaluable a s s i s tance in the collect ion o f  
the data . A spec ial thanks to my colleague s at  the Bo t swana Agricul tur­
al College for providing transportat ion and much-needed o f f ice space . 
I am mo s t  grateful to my wife , Das s ie , fo r the invaluab le typ ing 
services she provided dur ing the wri t ing of this the s is . Her support , 
app reci at ion and understanding were second to none . 
Thi s  the s is i s  dedicated to my daughter , Tap i wa , who may never 
know ho w much insp irat ion she o f fered dur ing this t ry ing t ime� I thank 
my parents , the res t  o f  the extended family and Ri ck and LaRayne 
Wahl s t rom , without who se support I may never have achieved this task.  
KPC S  . 
TABLE OF CONTENTS 
LIST OF TABLES 
Chap ter 
I .  INTRODUCTION 
Statement o f  the Problem 
Obj e c t ives 
S cope and Outline o f  the Study 
I I . TRADITIONAL AND CO MMERCIAL BEEF MANAGEMENT SYSTEMS IN 
BOTSWANA 
Background 
Land Tenure 
Bee f  Husbandry P ractices 
Breed ing 
Weaning • •  
Management 
Environment 
I I I . REVIEW OF L ITERATURE 
PAGE 
vi 
1 
1 
2 
3 
4 
4 
4 
5 
5 
5 
5 
7 
8 
Concep t s  o f  Cat tle Keep ing in Tradi t ional So c ie t ie s  8 
IV . 
App l ic ab il i ty t o  Bo tswana 16  
SOME FACTORS INFLUENC ING THE SUPPLY OF BEEF CATTLE AT 
AUCTION SALES 
C l imat ic Factors 
Below Average Rainfall 
Above Average Rainfall 
iv 
18 
18 
19 
19 
v. 
VI . 
Disease • •  
Botswana Meat Co mmiss ion Prices 
O ther Cons iderations 
Producer ' s  Planning Horizon 
Model Specif ication 
PROCEDURES 
Collecti on o f  the Data 
S t a t i s t ical Analysis  
D is cuss ion o f  the Results 
The Problem o f  Mis s ing Observat ions 
S �fl1ARY AND CONCLUS I ON S  
Su nnnary • •  
Conclus ions 
Limitat ions of the S t udy 
Sugge s t ions for Further Research 
BIBL IOGRAPHY • •  
v 
2 0  
21 
22 
2 3  
2 5  
28 
2 8  
2 9  
45  
47  
49  
4 9  
5 0  
5 1  
5 3  
5 4  
TABLE 
I 
II  
III  
IV 
v 
VI 
VI I 
VII I  
IX 
LIST O F  TABLES 
Beef Cattle Produc t ivity Under Tradit ional and Commerc ial 
Management Sys tems 
Regre s s ion Resul ts with Oxen as Dependent Variable 
Regre s s ion Resul t s  with Cows a s  Dependent Varia bl e  
Stepwis e  MaxR2 Re sul t s  with Oxen as Dependent Var iable for 
QUARTER 1 in the Period 1 9 7 6-1 980 
S tepwis e  MaxR2 Resul t s  with Oxen as Dependen t  Var iable for 
QUARTER 2 in the Period 1 9 7 6-1 980 
S tepwise MaxR2 Resul t s  wfth Oxen as Dependent Var iable for 
QUARTER 3 in the Period 1 9 7 6-1 980 
Stepwise MaxR
2 
Result s  with Oxen as Dependent Variable for 
QUARTER 4 in the Period 1 9 7 6-1980 
S t epwise MaxR2 Resul ts with Cows as Dependent Variable for 
QUARTER 1 in the Period 1 9 76-1980 
S tepwise MaxR
2 
Result s with Cows as Dependen t  Varia ble for 
QUARTER 2 in the Period 1 9 7 6-1 9 8 0  
vi 
PAGE 
6 
3 2  
34 
37 
38  
40  
4 1  
4 2  
4 3  
CHAPTER I 
INTRODUCTION 
STATE MENT O F  THE PROBLEM 
Auct ion sales p rovide a maj or cattle marke t ing outlet for farmers 
in Bo t swana . 1 There were 5 , 7 40 cat tle auc tioned in the S outh-eas tern 
part o f  Bot swana in 1 9 7 6 .  This number rep resented 1 6 %  o f  the t o tal ex-
port o f f- take from the area . 2 The main marke t  outlet for s laughter beef 
is through d irect mar keting o f  cat t le to the Bot swana Mea t C ommi s s ion 
(BMC ) aba t t o i r .  
The BMC , an expor t monopoly beef mar ket ing board , s e t s  p rices 
and cat tle buyer s  country-wide adj ust them t o  derive producer prices , 
because they f inally sell cattle to the BMC . The B �1C p r ice p lays a 
maj or role in deriving producer prices a t  auction sales yard s . 
There have been fluc tuat ions in the supply o f  s laughter cat tle 
in South-eas t ern Bo t swana , but lit tle i s  known ab out the relat ive imp acts 
o f  various factors hypothes ized to be impor tant in aff e c t ing the supply 
of cat t le auct ione d . 
In addit ion t o  BMC price changes ,  environmental and climatic fac-
tors are hyp o thes ized to have s ome effects on the qual i ty and q uant ity 
1Bond , G . C . , "A Repo r t  on L ivestock Marketing in Bo t swana" . 
2 
Agricul t ure , Bot swana . 1 9 7 6 .  p .  1 .  
McDonald , I . , "A Report on Cat t le Marke t ing in Bo t swana" .  
duct ion D ivis ion , Minis t �y of  Agricul ture , Botswana . 
p .  2 5 . 
Minis try of  
Animal Pro-
1 9 7 6 .  
2 
o f  cat t le s upp lied a t  auc t ion sales . In add i t ion , the range cond i t ion , 
pas t and p revail ing auc t ion sales p rices , s ub s i s tence c ash needs and 
d is ease cond i t ions , especially hoo f  and mouth disease , are p o s tulated 
to affect the supp ly o f  beef animals auc t ione d .  The nature o f  the im-
pact o f  the s e  factors on the supply o f  beef animal s  has only been casu-
ally addres sed in o ther s tudies . An in-dep th unders tanding of the 
effects  o f  these factors on the supply o f  cat tle at auc t ion s ales i s  
required for the b ene f i t  o f  producers , buyers and the b eef indus try . 
Fac tors inf luencing the supply o f  beef anima l s  at auc t i ons need to be 
identified t o  s e rve a s  a bas i s  for further res earch in beef marke t ing 
in South-eas t ern Bo t swana . 
Knowledge gained from this research can be d i s s eminated to 
researcher s  and p ro ducers t o  gain further ins i ghts about an industry 
whi ch is  an integral part o f  Bot swana ' s  economy . 
OBJECT I VES 
The general obj e c t ive o f  this s tudy i s  to analyz e  the supp ly of 
s laughter beef-c a t t le auc t ioned in South-eas tern Bo t swana . 
Sp e c i f i c  obj e c t ives are: 
1 )  To examine the impact of  B HC price changes 
on the supply of cat t le a t  auc t ion sales . 
2 )  To ident i fy the relat ive imp o rtance o f  
range condi t ions and hoo f  and mouth d isease out­
breaks on quant i t ie s  of  cat tle auct ione d . 
3 )  To iden t i fy o ther factors impacting on 
the supply of s laughter beef animals and to 
inve s t igate the importance of each fac tor iden t i-
f ie d . 
3 
S COPE AND OUTLINE OF THE STUDY 
The s tudy beg ins with a descrip t ion o f  the t r ad i t i onal and com­
merc ia l bee f-ca t tle management sys tems . Th is bac kground informat ion 
will be us ed in addre s s ing the specific o bj ect ive s . 
In Chap ter I I I , the review of  the l i terature i s  p r e s ent ed , with 
a d i s cuss ion of the wealth and income roles of c at tle in t radit ional 
socie t ies . The app l icability o f  the " dual role o f  cat t le hypothe s i s "  
to Botswana conclud e s  the chap ter . 
Chap ter IV addres ses factors hypothe s i z e d  to influence the 
supply of bee f-cattle at auc t ion sales in Botswana . The las t  part o f  
this chap ter d i s cu s s es the model used in this s tudy . 
Chap ter V exp lains the me thods used in data collec t ion , treat­
ment of the dat a and a p resentat ion o f  the result s .  
The summary , conclus ions , limi tat ions and sug ge s t ions for fur­
ther research make up Chap ter VI . 
BAC KGROUND 
C HAPTER I I  
TRADITIONAL AND CO MMERCIAL BEEF MANAGE MENT 
SYSTEMS IN BOTSWANA 
In Bo t swana , bee f-cattle are pro duced unde r  the tra di t ional and 
commerc ial management sys t ems . Bo tswana has a small human populat ion 
( about 8 00 , 000)  and a cat tle population e s t imat e d  at 3 . 0 mil lion . l 
The maj or d i fferences between the trad i t ional and commercial 
beef cat t l e  management systems can be describ e d  under the fo llowing sub-
heading s :  
Land Tenure 
In 1 980 , trad i t ional and commerc ial farmers owned 8 4 . 3% and 1 5 . 7 % 
o f  the nat ional herd resp ectively . 2 
Comme rcial beef p ro duct ion is pract iced on f reehold land which 
make s up 6%  o f  the country ' s  land sur face area . The farmers own the 
land and can sell i t . On the other hand , tradit iona l beef cat tle pro-
duc t ion is  p ract iced on tribal land that ma kes up 71% of Bot swana ' s  
land sur fa ce area . 3 The farmers do no t own the land and communal 
lNat ional Development Plan I V, 1 9 7 9-1 98 5 . Mini s try o f  F inance and 
Development Planning , Bo tswana . p .  1 3 . 
2L i t s chauer , J . G .  and Kelly , W. F . , "Trad i t ional versus C ommercial Agri­
cul ture in Bot swana" . P lanning and S tatis t ic s , Minis t ry o f  
Agr icult re , Bot swana . 1981 . p .  4 .  
3 "Beef P roduction and Range Management i n  Bo tswana" . Animal Product ion 
Res earch Uni t , Minis try of Agr i cul ture , Bot swana . 1 98 0 . p .  5 . 
5 
graz i ng is  the general p ract ice . There is  no legal l imi t to the number 
o f  cat t le that farmer s  ca n graze on the land . 
Beef Hus band ry Prac t ices 
The land tenure d i fferences between the two bee f-cattle manage­
me nt sys t ems are a s s o c iated with the fo llowi ng d i fferences i n  general 
bee f  hus bandry: 
Breed ing : U nco nt rolled breeding is  the common p ra c t ice amo ng 
traditional cat t le owners . However ,  a small number o f  t ra d i t ional far­
mers us e the gove r nment art ifi c ial ins eminat io n  s ervi c e . 
The commercial bee f  cat t le management s e c to r  generally follows 
a breeding policy that includes a breed ing season . This i s  pos s i ble 
because the farms are fe nced in and sub-d ivided int o  p addo c ks . 
Weani ng: Unl i ke the commercial secto r , traditional farmers 
have no s e t  weani ng pol icy , because of the pro blem of s ep arat ing calve s 
from cows without fe nced ranches .  
Ta ble I illus trates how the d i fferences between the traditiona l  
and commercial s e c t o r s  result i n  beef-cat tle pro d uc t ivity d i fferences . 
Ma nagement 
Mo s t  trad i t i onal herds are left i n  the care o f  u nt rained herds­
men , with the owner livi ng a co ns iderable d i s tance from the cat tle po s t .  
Comme rc ial farmers usua lly res ide on the ranch o r  emp loy a tra i ned 
manager . 
Tradi t io .al farmers own relat ively small amount s o f  cap ital 
equipment , mainly c ons i s t ing of a well , drinki ng t rough and animal hus­
bandry requi s i t e s . The main source o f  i nves tme nt i s  represented by the . 
herd i t s el f . C ommerc ial farmers inves t  in land , build ings , f ences and 
o ther forms o f  cap ital . "The obj e c t ives are t o  maximiz e  cash income 
f rom the inves tment in land and cap ital" . 4 
TABLE I 
BEEF CATTLE PRODUCTIVITY UNDER TRADITIONAL 
AND COMMERCIAL MANAGEMENT S YSTEMS 
TRAIT TRADITI ONAL 
MANAGE MENT 
Calving Percentage 4 7 . 3  
Cal f Martality P ercentage 1 0 . 2 
Weaning Percentage 4 2 . 5  
Weaning Ma s s  (kg . ) 1 2 3 . 5  
Post  Weaning Gain ( 7-8 months ) kg . 8 9 . 7  
Has s  o f  Weaner cal f / cow/year (kg . ) 52 . 5  
Mas s o f  1 8  month cal f / cow/year (kg . )  9 0 . 6 
COMMERC IAL 
MANAGE MENT 
7 4 . 8  
8 . 5  
6 8 . 4  
1 80 . 4  
105. 9 
1 23 . 4  
1 9 5. 8 
SOURC E : Adap ted from, "Beef Product ion and Management 
in Bot swana" . Page 9 .  
6 
Hence the p erformance o f  the tradit ional herd comp ares unfavor-
ably with the commercial herd for all product ivity trai t s . 
4 
"Beef Product ion and Range Management in Bot swana" . Animal P roduc t ion 
Res earch Uni t ,  Minis t ry of Agri culture , B o t swana , 1 9 8 0 . 
In the case o f  tradit ional farmers , " ca t t le are cons idered to 
be cap i tal goods  whi ch are held by producers as long as the ir cap ital 
value in p roduct ion exceeds their slaughter value . In es s ence , pro-
ducers become p o r t f o lio managers seeking the op t imal comb inat ion o f  
different categories o f  animals to comp lement their non-ca t t le assets , 
g iven exis t ing condi t ions and future expectations " . 5 D i f f erent animal 
categor ies have d i ff erent uses , for examp le , oxen are used for draught 
power . 
7 
Thes e  a t t i tudes towards cattle have contributed t o  a relat ively 
larger share of s laughter animals coming from commerc ial f armers as com-
pared to the lower o ff-take from the trad i t ional s e c tor . Average annual 
cat t le o f f-take for the p er iod 19 7 8-1980 was 8 . 1% and 15. 6 %  o f  cat t le 
held by the t radit ional and commercial sectors resp e c t ively . 6 
Environment 
Environmental condit ions have different impac t s  on the produc-
t ivity o f  bee f-cat t le under t rad i tional and commercial sys t ems . Lo s s es 
due to drought and d i s ease are higher in the tradit ional s e c tor . A 
detailed a ccount on environmental factors will be presen t ed in 
Chap ter IV . 
5Jarvi s , S . L . , " C at t le a s  Cap ital Goods and Rancher s  as Portfolio 
Managers : An App licat ion to the Argent ine Beef S ector" . 
Journal o f  P o li t i cal Economy, 82 , 1 9 7 4 . p .  4 8 9 . 
6 . L1t s chauer , J . G . and Ke lly , W . F . , Opcit . ,  p .  7 .  
Thi s  background about the beef-cat tle indus try in Bo t s wana , 
s erves as an int roduct ion t o  a s tudy of the supp ly o f  beef-ca t tle at 
Bot swana 's auc t ion sales . The tradi tional sector suppo rt s  the cat tle 
auct ion market s  more than the commercial s e c to r. 
8 
C HAPTER I I I  
REVIEW O F  LITERATURE 
A var iety o f  theories has emerged from the s tudies undertaken 
in the area of s laughter beef-cattle supp ly . Emphas i s  wil l  be l imit ed 
here to tho s e  s tudies whi ch have led to the theory o f  cat t l e  s erving as 
both cap i tal and consump t ion goods , and tho se theori e s  thought to be o f  
part icular relevance t o  the supply of slaughter c a t t l e  i n  Bot swana . 
Part i cular emphas is will be placed on the factors influenc ing 
the supply of s laughter beef- cattle , factors aff e c t ing p ro ducer response 
to prices and the impact of environmental factor s . The f ind ings and 
-resear ch procedures o f  these s tudies will be examined in o rder t o  s elect 
tho s e  that may be app l i cable to a study of s laughter b e e f  supply at auc-
t ion sales in Bot swana . 
CONCEPTS OF CATTLE KEEPING IN TRADITIONAL SOC IETIES 
Two maj o r  concep t s  have been s tudied and advanced as p o s s ib le 
theories to exp lain the supply o f  slaughter b eef-ca t t l e  from pro ducers . 
The f ir s t  s tudy pub l ished in February , 19 7 9  by Doran , Low and 
Kemp , addres s e s  the concep t o f , "Cattle as a S to re o f  Wea l th in 
Swaziland : Imp l i c a t ions for Live s tock Development and Overgraz ing in 
Eas tern and Southern Africa" .
1 
1 
Doran , M . H . , L m: , A . R . C .  and Kemp , R . L . , " Ca t t le as a S tore o f  Weal th 
in Swaziland : Imp l i cations for L ive s to ck Development and 
Overgrazing in Eas tern and Southern Afr ica" . Amer ican Journal 
of Agricultural E conomics , Vo lume 6 1 , Number 1 ,  February , 1 9 7 9, 
p .  4 2 . 
In a non-d is aggregated cattle supply/price response s tudy , 
Doran e t . a l . , found an inverse relat ionship between cattle  sales and 
p rice . Thi s  was exp lained by emp loying the concep t that cattle in 
Swaz iland and in o ther trad it ional s o c iet ies serve b o th wealth and in-
come roles . 
10 
Wealth was defined as "The accumulation of as s et s  whi ch confer , 
among o ther things , s ecurity , pres t ige and s tatus " , while income was 
different iated as , "The means o f  attaining weal th and s upporting current 
2 
consump t ion'' 
The s tudy by Doran et . al . ,  pre s ent s a number o f  factors that 
account for the hypo the s i s  that cattle serve as a s to re o f  wealth and 
income , but for the purposes of this study , only tho s e  fac tors relating 
to reasons for cat t l e  sales by producers and the imp a c t  o f  environmental 
factors on the sup p ly o f  cat t le for sale will be cons idered . 
Doran e t . al . , argue that cattle provide s a t i s f ac t ion to o wners , 
both in terms o f  numbers as well as in cash value . They p o s tula te a 
dual ro le o f  cattle . The cash value is clo sely t ied wi th current con-
sump t ion needs o f  the cat tle owners . They further s ta t e  that , " In so 
far as cattle are regarded as an end in themselves ,  they cannot be 
likened to convent ional d i spo sable assets  whi ch are held a s  long as their 
cap ital value in p ro duct ion exceeds the ir current marke t value" . 3 
2 
Doran e t . al , Opc i t , p .  4 2 . 
3 
Ibid . , p .  4 2 .  
11 
The dua l  ro le o f  cat tle concep t has the following impli cat ions 
on cat tle s ales : 
1 )  When cattle have to be sold to mee t  spe c i f i c  
cash need s , the minimum will be sold . Furthermore , 
tho se factors that increase the marke t value o f  
animal s  will resul t in fewer animals b e ing s o ld to 
maximiz e  relative wealth . 
2 )  Producers may seek high pric ed marke t s , 
pre c i se ly be cause they can sell fewer cat tle and 
maximi ze rel a t ive wealth and meet sub s i s t ence need s . 
3 )  Adverse environmental fac tors l ike drought 
or d is ease will increas e the risk o f  holding ca t t le 
and cat t le owners will be more willing to s e l l . 
4 )  Low rainfall result ing in reduced harves t  or 
crop failure will encourage cattle owners to s ell 
more animals to mee t increased sub s is t ence needs . 4 
The s t udy by Doran et . al . , did no t cons ider a bas i c  princ ip le 
of ca t t le keep ing in tradit ional African societies , t ha t  the various 
components of the herd have different funct ions and t hat the age and 
s ex o f  an anima l  are important fac tors in dec iding whi ch and how many 
animals are to be marketed . In Bo t swana , the following animal cat ego-
ries are used: 
Cow: 
He ifer:  
Tall ie :  
A full grown female (usually over three 
years old) that has calved . 
A young female that has no t calved but is  
at leas t one year old and less  than 3 years 
old . 
A young male that is at lea s t  one year old 
and les s than three years o ld . 
4 
Doran et . al . , Opc i t , p .  4 2 .  
Calf :  
Bull :  
Ox: 
A male or female whi ch is under one year 
of age . 
A full grown male that i s  used for breeding 
purp o ses (usually over three years of age) . 
A cas trated male (usua lly over three years 
o f  age ) used for draught p ower . 5 
In the ir s tudy , Doran et . al . ,  grouped all cat t le market ings 
and ended up with a negat ive response to price . Thi s  was int erpreted 
1 2  
to imp ly that tradit ional farmers may be keep ing c a t t l e  f o r  the sake o f  
satisfy ing a wealth funct ion . A disaggregated s tudy for the various 
cat tle categories may lead to other ins ights on fac tors that influence 
cat t le marke t ings from the trad itional secto r .  
A theore t i cal frame work for studying cat t le marke t ings in 
Bot swana may be found in mi cro-economic models that treat catt le as 
cap i tal goods and producers as por t folio managers . The s tudy o f , 
"Ca t t le as Cap i t al Goods and Ranchers as Portfolio Manage rs" , by 
6 
Jarvi s , is  p ar t i cularly re levant . 
The theme o f  his st udy is , ca ttle are cons idered to be cap i tal 
goods and are held by p roducers as long as their cap i tal value in pro-
duct ion exceeds their market value . Producers look for an o p t imal com-
b ination of d i f f erent animal categories to complement non- cattle 
assets , g iven exis t ing condit ions and future exp e c tat ions . Cap i tal 
5 s ingh , M . G .  and Ke l ly , W . F . , " 1 980 Bo t s wana Agricul tural S t a t i s t ics " . 
6
J . arv1s , 
Agricul t ural S tatist ics Unit ,  Planning and S t a t is t i c s , Minis try 
o f  F inance and Development P lanning, Bo t s wana , 1 98 1 , p .  5. 
S . L . , Opcit , p .  4 8 9 . 
13 
values o f  animals o f  dif ferent ages and s ex are affected dif ferently by 
price c
'
hanges . Producer response to increased p rices depends on the 
age and sex of animal s  held . Consequently , a d i s aggregat ion o f  equa-
t ions exp lain ing sup p ly into animal categories is ne ces s ary to provide 
meaningful explanat ion of p roducers '  respons es in ca t t le market ings . 
Jarvis noted that previous models were s imp l e  and s ome o f  their 
que s t ionable re sul t s  may have been due to the omi s s i on of var iables and 
lack o f  reliable data . Jarvis further found tha t  the supply o f  s laugh-
ter animals responds negat ively to a price increas e  in the sho rt-run . 
This contras t s  with the supp ly o f  mo s t  agricultural goods whose output 
( in a Nerlovian sens e )  is  exp ec t ed to increas e .  The s low rate o f  b io-
logical rep roduc t ion may result in this negative supp ly response to 
price pers i s t ing for some t ime , especially under trad i t ional cat t le 
management sys t ems . S ources o f  increas ing cattle p roduct ion are : 
increas ing the s iz e  o f  the breeding herd and witho lding animals for 
further fat ten ing . Jarvi s maintains that , "Producers mus t  bid animals 
away from consumers t o  increase cap ital s to ck whi ch i s  the source of  
h. h b f d . " 
7 1g er ee pro uct1on • This is s imilar t o  the hyp o thes i zed maximi-
zat ion o f  cat t le numbers by tradit ional farmers for wealth purposes . 
Jarvis c i tes as the principal dis t inguishing e conomic �haracter-
is t ic between oxen and cows , the fact that the lat t er have the ab ility 
to produce calves and tha t cows can produce beef either directly by 
being fat t ened f o r  slaughter or ind irec t ly by bearing calves . Thi s 
7J . arv1s , S . L . , Opc i t . ,  p .  4 91 
SOUTH DAKOTA STATE UNIVERSITY LIBRARY 
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takes into con s iderat ion the impact of the exp e c t e d  calf-stream on pro-
ducers ' decis ions to sell . Jarvis found that heifer and cow s laughter 
respond negat ively to a p r i ce increase in the sho r t-run , because a 
higher p r i ce enables fee ding to heavier we igh t s  and pro ducers tend to 
retain animal s  for cal f production . This s ituat ion may be reversed by 
p er s i s t ent drought and disease conditions , when p ro ducers would rather 
sell than risk dea th lo s s e s . 
D i s aggregat ion o f  the cat tle sec tor provides more informat ion 
about the operat ion o f  the cat tle sector with resp e c t  to pro ducer 
behavio r and a more ac cura te indicat ion o f  the quan t i t a t ive and quali-
tative changes in the supp ly o f  beef ca t tle . Goo d  rainfall reduces 
.the market ings of tall ies , as the range is  improved and they can be fed 
to heavier we igh t s . The l ifespan of slaughter cat tle i s  short and 
interes t  rate has a negl igible impact on the s upp ly o f  slaughter ani-
mal s . Important factors found to inf luence catt l e  market ings were , the 
price of beef , fee d inputs and c l imat ic effect s .  
Tryfos'  s tudy on "Canad ian Supply Functions for Livestock and 
Meat" , 8 c lar i f i e d  the int er-dependence b e t ween lives tock s upply and in-
ventories . He use d  (3 SL S )  to e s t imate l ives tock sup p ly and s to ck for-
mat ion func t ions . The e s t imated func t ions s uc ceede d in exp laining a 
large percentage o f  the variat ions in inventories and s laughter . 
8
Tryfos , P . , "Canadian S upply Functions for L ives to ck and Meat " .  
Journal o f  Agricul tural Economics , Vo l .  5 6 ,  Number 1 ,  
February , 19 74 , p .  107 . 
Tryfos recognizes the following uses for a quan t i ty of l ive-
s tock available in a given point in time: 
s laughter to meet current dome s t ic demand ; 
exp o r t  to meet fore ign demand ; and , 
retent ion to rep lenish or increas e inven-
9 tor ie s  o f  l ives to ck to meet future demand . 
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In Bo t s wana , the addi t ional uses of keep ing certain lives tock 
classes for draught power , ceremonial purpos e s  and a s a feguard again s t  
total lo s s  o f  one ' s herd i n  a drought have to b e  cons idered . 
Try f o s  observed that , "The aggregate availab l e  quant ity in a 
period o f  time l e s s  than the produc t ion period for the part icular clas s 
of live s to ck canno t vary in response to current p r i ce s  and feed 
cos ts" . 10 This sugge s t s  a lagged response and future expectations . He 
assumed that the majo r  determinant s  o f  des ired invento ries are the ex-
pected live animal price and expected feed co s t s . This relationship 
approximates a l inear form .  Higher price expectat ions lead producers 
to hold more cattle , o ther fac tors remaining cons tant . Assump t ions on 
the format ion o f  price expectat ions will be pres ented in the chap ter 
on Data Analy s i s . 
9Tryfos , P . , Opci t . , p .  1 08 . 
10
Ib id . , p .  108 . 
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In s tudy ing " Farmer Response t o  P rice i n  a S ub s i s t ence E conomy : 
The Cas e  o f  Wes t  P aki s t an" , Falcon ident i f ied s ome o f  the p roblems 
as sociated with the cont roversy that producers respond negat ively to 
price o r  that they app e ar to have zero o r  negat ive elas t ic i t ies of 
11 
supp ly . 
Maj or p roblems c i ted were : limi ted and unrel i ab l e  d at a ,  neglect 
o f  the iden t i f i c at ion p roblem ,  inclus ion o f  "abnormal" observat ions , 
dis regard for problems o f  aggregat ion and f ailure to de f l ate prices . 
He no ted the lac k  o f  the nece s s ary data for comput ing supply elas t i c i-
t ie s . Neverthele s s , it  i s  pos s ible to set  forth s ome f armer reac t ion 
hypotheses to  enable quant i t at ive ass e s sments of c at t le sup p ly respons e 
to price . 
APPLICABILITY TO BOTSWANA 
This brief exp o s i t ion o f  several theo r ies on the f ac tors deter-
mining s laughter cattle supply has indicated that no s ingle theory c an 
be used to fully exp l ain producer response to price and mar ke t ings o f  
l ive s t o c k .  Consequent ly , cer tain elements applicable to this s tudy 
mus t  be extracted from var ious theories . 
About 8 4 %  o f  Bo t s wana's nat ional herd is  o wned by tradit ional 
live s t o c k  producers . Hence this port ion o f  the herd may be t reated as 
that held for wealth and income role s . I t  mus t b e  no ted that some 
tradit ional f armers marke t  cat tle regul arly and thus may b e  regarded as 
1 1
Falcon , W. P . , "Farmer Response to Price in a Sub s i s t ence E conomy : 
The C ase o f  Wes t  P aki s t an" . American Economic Review : P apers . 
and P ro ceedings , Volume LIV , Number 3 ,  May 1 9 64 , p .  581 .  
port folio managers . The as sump t ion that all trad i t ional f arme rs are 
homogenous in the i r  l ives tock market ing behavior may b e  inac curate . 
1 7  
Ano ther maj or difference between t radit ional and co mmerc i al 
farmer s  is  that the forme r bear negligible to non-exi s tent feed cos ts 
while the l at te r  may have s ignificant feed co s t s . Ho wever , traditional 
f armer s  bear ene rgy costs  o f  extrac t ing undergro und wate r  for their 
l ives tock , e spec i ally during the dry season . 
I t  is  in this reg ard that caut ion mus t  b e  exerci s ed in the 
t re atment of some vari ables pos tul ated to exp lain cat t le marke t ings and 
produce r  re sp onse to price . This , ho wever , does no t c all for the re­
j ec t ion o f  all s l aughter cat tle supply determinant s .  The imp act of 
rainf all i s  o f  p art icular relevance to this s tudy . The exp l anat ions 
on ho w p roducers f o rm p rice expectat ions , though inconc lus ive , are im­
por t ant . The various pos tul ates on producer response to p rice are 
e s s ent i al in g aining further insights to the Bo t s wana l ive s tock s upply 
s i tuat ion . 
The relevant resul t s  o f  the aforement ioned s t ud i es will b e  
comp ared l ater with the obj e c t ives and result s  o f  thi s  s tudy . A de­
t ai led dis cus s ion of f actors hypothes ized to inf luence numb ers o f  
c at tle auc t ioned no w follo ws .  
CHAPTER IV 
SOME FACTORS INFLUENC ING THE S UPPL Y OF 
BEEF CATTLE AT AUCTION SALE S 
In this s tudy , ca t tle marke ted at auc t i on sales were disaggre-
ga ted into the following categories : oxen , cows and ta llies . This 
measure was t aken because o f  the pos tulated various uses o f  dif ferent 
animal categori e s , especially under the trad i t ional management sys tem ,  
where catt le a r e  hyp o the s iz ed to serve b o t h  wealth and income ro les . 
The d is cus s ion which follows deCiJ.l s  wi th factors that imp ac t  on the 
supply of beef-cattle of each category at auc t ion sales in the short-
run . 
CLIMATIC FACTORS 
Under the tradit ional management sys tem ,  the e ff e c t  of rainfall 
( amount , t imel iness and durat ion) may be the mo s t  l imi t ing f a c tor to 
beef-cattle  p roduct ion . The graz ing , forage and s urface wat er suppl ies 
available depend on the amount of rainfall received . Temperature , humi-
dity and o ther c l imatic  factors are important in determining the qual-
i ty and quant i ty of the range resour ces . The herd- s i z e , condit ion o f  
the cattle , and the number in the various c a t t l e  categories ava ilable 
for sale in turn are dep endent on the past and current s tatus of the 
range land . 
The relat ionship between cat t le marke ted a t  auc t ion sales and 
the amount o f  rainfall in the previous s eason may be d i s cus s ed under 
the following condit ions : 
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Below Ave rage Rainfall in a season resul t s  in b o th qualitat ive 
and quan t i t a t ive deteriorat ion in range resources unt i l  the next rainy 
season . The consequences o f  which are: 
los s  o f  cond i t ion , espec ially among oxen 
and cows ; 
a reduced calving rate due to the det eri­
orat ing s tatus of the range and s carce 
surface water supplies ; 
an increased death rate among older c ows 
and oxen because of under-nutrition and 
thir s t . 
Below average rainfall or drought conditions present a threat to cat t le 
inventories whi ch to some extent influences the s el l ing b ehavior o f  pro-
ducers . Pro ducers are hypothe s i zed to increase o f f - t ake by marketing 
more of the ir o lder ca ttle . This is a measure taken to reduce lo s s es , 
as the dura t ion and intens ity o f  drought are uncertain events . 
On the o ther hand , there is  a s trong tendency to retain heifers 
and tallies . I t  is hypothe s i zed that these younger anima l s  are kep t in 
order to rebuild dep leted herds after a drought and to s a t i s fy the in-
come role . Thus drought conditions may induce increased marke t ing s , 
e specially o f  o lder , more vulnerable animal s ,  assuming o ther factors 
are held cons tant . 
Above Average Rainfall condi t ions present ideal periods for 
producers to rebuild herds and sell mainly to sat is fy their income 
needs . The marke t ing pat tern may change to inc lude younger oxen in 
good condi t ion a s  these are known to command a higher price . Given 
the weather , future price and o ther marke t environment uncertaint ies , 
to tal market ings may increase following an above average rainfall 
1 
season . O ther fac tors impac t ing on cat tle marke t ings may reduce or 
ammeliorate the above-s ta ted e f fects o f  rainfall on ca t tle marke t ings . 
Under the t radit ional management sys tem ,  in s emi-ar i d  regions the 
season o f  the year may have far-reaching e f fe c t s  on pro ducer market ing 
pat terns . 
The change from the rainy season through winter , autumn and 
spr ing i s  accompanied by f luc tuations in range resource quali ty and 
quanti ty. The se changes in the nutritive value o f  the range imp o se 
limit s  on the b iological growth and performance o f  beef-cat t le . The 
20 
condi ti on of herds fluctuates with season and this may induce producers 
to sell or retain animals ,  assuming o ther facto r s  remain cons tant . 
DISEASE 
Hoo f  an d mouth disease presents hardship t o  p ro ducers bo th in 
terms o f  animals hel d  and sale s . Veterinary regula t ions r equire an end 
to all sales and movement of  cat tle from infec ted areas . Outbreaks of  
hoo f and mouth disease may last from several months t o  a few years . 
Dep ending on the durat ion and s i ze o f  the area affected , pro ducer mar-
ke t ing b ehavior may be altere d .  Producers in affected  areas s top sell-
ing cat tle an d accumulate inventories i f  the diseas e i s  c ontr�lled and 
o ther p ro duct ion fac tors remain favorable . 
lcarl Bro Internat ional A/S Consulting Engineers & P lanners , "An Evalu­
at ion o f  Lives tock Management and Product ion in Bot swana" . 
Male rvangen 1 ,  2 6 00 Glo strug , Denmark . p .  2 5 . 
Hoo f  and mouth dis ease-free areas may experience increased 
s ales because p ro ducers want to reduce income los ses and hol d  cash in 
case the dis ease spreads to disease-free zones .  Incre as e d  s al e s  may 
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a l s o  be a result o f  the relative increase i n  the quant i t ies o f  animals 
demanded by b uyers as part or parts o f  the p roduc ing areas are p rohib i-
ted from sellin g  and market demand for bee f remains cons tant . 
Under the Bo tswana Mea t  Commis s ion' s formul a  p r i c ing policy , 
the wide f luctuat ions in p rices that might be expected f rom such a 
s itua t ion are no t experienced. This is  becaus e their p r ices are mainly 
de termine d by p r i ce s  o f fered by beef-import ing countri e s . C onsequent ly , 
auc t ion sales yards p r i ces tend to closely follow the BMC ' s  quarterly 
p rices . 
BOTSWANA MEAT CO MMI S S ION PRICES 
The BMC abattoir handled 7 4 . 6%  o f  all slaughter b ee f  animal s  
s o l d  i n  Bot swana f o r  the p er iod 1 9 7 6-1980 .
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Given the s itua ti on wher e 
mos t  c a t t le marke ted a t  auct ion sales are in turn s o l d  t o  the BMC abat-
toir , it is hypo the s i zed that BMC prices play a role in the level and 
trend of auc t ion sales pr ices country-wide . 
The maj ori ty o f  animals sold to the BMC aba t t o i r  during the 
3 1 . 
3 
perio d of  this s tudy were grade qua lty . Hence the grade 3 price 
was selected as a var iable that might help exp la in price levels a t  
2 Carl Bra Internat ional A/ S Consul ting Eng ineers & Planners , O pc i t . ,  
p .  2 6 . 
3"Botswana Meat Commi s s ion 1 98 0  Annual Report" . P• 15. 
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auct ion sales and cons equently , the quant it ies o f  c a t t le sup p l ied . I t  
is  to b e  no ted that the BMC prices are reviewed qua r terly and , depend­
ing on external price levels ,  pr ices o f f ered to producers are adj usted 
accord ingly . The BMC prices may be reviewed and lef t unchanged , in­
creased or de crea s ed . Ac t ion taken at any par t i cular review s e s s ion 
depends on external marke t and other forces . 
OTHER CONS IDERATIONS 
Producer cash needs vary with season and t heir impact may accen­
tuate the pre ssure to marke t animals . This may occur espe c ially in the 
last quar ter of the year when deb ts accumulated during the year have to 
be paid , school fees are due , money for the following year has to be 
s ecured and o ther annual commitments that mus t  be met at the beg inning 
of the year aris e . The quarterly BMC price reviews may also enhance 
the seasonal pat tern in cat t le sales . However , the number and type o f  
c a t t l e  auc t ioned also dep end on the other factors dis cu s s ed earl ier . 
Given the po s s ib l e  interac tions o f  thes e  factor s , a s imp l e  expl anat ion 
of seasonal e f f e c t s  on cattle sales may be mislead ing. 
C l imat ic and disease factors play an importan t  ro le in deter­
mining calving and death rates . The calving and death rates o f  a herd 
partly determine the replacement rate and the level o f  inventorie s . 
Low calving and high death rate s imp ly a reduced available sup p ly o f  
potent ially market able cat tle , except when rep lacements  a r e  brought in . 
Thus , the age and s ex o f  an animal are contribut ing f actors in deciding 
to sell . 
) 
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Government programs on road development , breeding and animal 
heal th imp rovement s  and range management contribute to r i s ing ca t t le in­
ventory leve l s . Some government programs reduce p roduc t ion co s ts thus 
encouraging increased product ion that may lead to an inc reas e  in poten­
t ially marketable animals . 
PRODUCER' S PLANNING HORIZON 
Producers are the primary source of all cat tle auc tioned . There­
fore , the producer ' s  planning horizon and format ion o f  p r i ce expec tat ions 
are integral parts of thi s s tudy . 
The produc er ' s  planning horizon may b e  concep tua l i zed by select­
ing an app rop r iate number o f  years , say T ,  in which the ne t quarterly 
revenue is  exp l i c i t ly ac counted for . The value o f  all future income 
from all animal categories in inventory is computed at the exp iration 
o f  period T .  The producer ' s  obj e c t ive i s  t o  maximize the present value 
of the income from all quarters in the planning period . I t  i s  as sumed 
that the producer regards an animal ' s  inventory value as the d i s counted 
expected future re turn . For animal s that are auc t ioned , the return is 
the discounted p ro f i t  on the animal ' s  sales value . Thi s  return may be 
regarded as a measure of  the hypothesized income ro le of cat t le in the 
given period . The inventory values of o ther animal categories are s imi­
larly derived and the expected value of future o f f-spring is cons idered . 
At any g iven po int in t ime the valuat ion o f  s t o ck can b e  ob­
tained from the inventory value . Thi s valuat ion o f  s to ck may b e  regar­
ded as a measure o f  the weal th ro le of catt le . 
I 
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Average quart erly auct ion s al e s  prices are p o s tulat e d  to play a 
role in the format ion o f  pro ducer pri ce expectat ions .  However , i t  mus t  
be no ted  that , " A  higher absolute price level may p l ay the conf licting 
roles of encour aging pro ducers to sell because o f  the gre ater assured 
pro f i t  versus encour ag ing expec t at ions o f  higher p r ices an d consequent 
witholding from the current slaughter supply • • •  "4 Thi s  exp e c t at ion com-
p lement s  the hypo thes ized witholding o f  c at tle by pro ducers in the event 
of a p rice increas e , because at higher prices the pos tul at e d  t arget in-
come is s at i s f ie d  by sell ing fewer animal s . S econdly , a t rend o f  ris-
ing prices imp l ie s  an increase in the value of  cat tle inventories held 
and a s at i s f ac t ion o f  the we alth role of c attle . As suming this discus-
s ion p ar t i ally exp l ains p ro ducer marketing p at t erns , it  c an be p o stula-
ted that in the c as e  o f  a trend o f  f alling price s , marke t ing s wil l 
incre ase because wi th fal l ing prices and a cons t ant or increas ing pro-
ducer t arge t income , more animal s nee d  to be sold . A t rend o f  f alling 
prices al so s igni f ies a we alth re duc tion as cat tle held in inventory 
depreciate in value in the short-run .  
Hayenga and Hackl ander no ted that "Farmers reac t  t o  the direc-
5 
t ion o f  price  change more than to the price level" . Consequently , the 
differenc e  in the average price per animal from one quarter to the next 
4Hayenga,  M . L .  and Hacklande r ,  D . , "Mon thly Supply-Deman d  Relat ionships 
for Fe d Cat tle an d Ho gs" . American Journal o f  Agr i cul tural 
E conomic s ,  Volume 5 2 , Number 4 ,  November 1 9 7 0 , p .  5 4 2 . 
5 Ib i d . , p .  5 4 2 . 
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is hyp o the s i z ed t o  cap ture the be s t  aggrega te response o f  p roducer s . 
However ,  the impacts  o f  hoo f  and mouth d isease , drought and o ther marke t 
forces may alter this general pro ducer response . Never theles s , the 
change in cat t le prices from the immediately preceding quarter to the 
current can be used t o  cap ture producers ' short-run exp e c ta t ions . 
MODEL SPEC IFICATION 
As suming ava ilable forage resources to be the mo s t  l imi t ing fac-
tor in na t ive beef-cat tle p roduc t ion , it is  hypothe s i z e d  that when 
accumulated inventories exceed the capacity of the avai lab l e  range re-
source s , natural and producer adj ustments are made . F i rs t , cattle lose 
we ight , cond it ion deteriorates , and death may result . S e condly , p ro-
ducers may will ingly increase numbers of  cattle marke t e d  to avo id these 
losses .  Conversely , it  might be expected that when avai labl e  range re-
sources are abundant the following may oc cur : 
animal s will gain we ight and improve in 
cond i t ion ; 
in the short-run , the number o f  p o t en t ially 
marke table animals will inc reas e; 
dea th lo s ses related to under-nut r i t ion 
and thirs t  will be reduced . 
The expected  shor t-run e f fec t of  abundant fo rage resources is  an in-
crease in the number o f  potent ially marketable animals . However ,  the 
impac t o f  abundant forage resources is no t clear-cut as this depends on 
o ther factors d i s cu s s e d  earlier . An important factor in determining 
the impact of ava ilable surplus range resources on p roducer selling 
patterns is whe ther the income or the wealth role of c a t tle is paramount 
/� 
in the g iven time period . I f  producers decide inco me i s  rela t ively 
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mo re i mportant, then s a l e s  may be expe cted to increa s e . O therwise p ro-
ducers will retain cat tle to maximize the ir wealth . 
The magnitude o f  the effect o f  the previous quarter ' s  inventory 
on t he current inventory depend s on the relat ions hip b e t ween t he calv-
ing and deat h rates . When t he calving rate i s  greater than the dea t h  
rate , then current inventories inc rease . The reverse s it uat ion contri-
butes to a reduc t ion in current inventories . When t he calving ra te 
equal s  the death rate , t he calving and dea t h  rates have no effect  on 
current inventorie s . The q uant i t ies o f  cat tle auc t ioned would deplete 
current inventories to t he extent of numbers sold . 
I t  i s  hyp o thes ized that t he quant i t ie s  o f  cattle potent ially 
available for market is  a funct ion of current cattle inventories , avai l-
ab le gra z ing re sources and the oc currence o f  hoo f  and mout h d i s ease . 
The lag period in t his s tudy is  equal to a quarter o f  a year . 
The cho ice o f  this period was dic tated by the BMC ' s  quarterly price re-
view pol icy , the as s umed seasonal effec t s  on cattle market ings and 
seasonal fluc tua t ions in the availability of gra z ing resources . 
I t  wa s hyp o t he s ized that the quant it ies o f  c a t t le marketed fro m 
any category may be represented by : 
Where : 
Q 
mkt .  lt 
Price 1 t-
Rainfall t-l 
Q mkt i t-1 
BMCPrice t-l 
ca t t le marke t ings in period t ,  i 
Tallies , 2 = Oxen , 3 = Cows 
1 
beef-cat tle auc tion sale price p e r  ani mal 
for a given category of cattle in the 
previous quarter 
amount o f  rainfall in millime ters  in the 
previous year 
quantities o f  cattle sold in a g iven cate­
gory in the previous quarter 
price for grade 3 animals p er 1 0 0  kg . cold 
dres sed mas s  at the BMC aba t toir in the 
previous quar ter 
ffi1D a dummy variable for hoo f and mouth 
disease in period t 
e = a d i s turbance term. 
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The number o f  various types o f  cat t le sold in the previous quar-
ter may have an i mpact on the available current marketab le sup p ly . The 
magnitude of such an impact is assumed to dep end on quan t i t ies sold in 
the p revious quarter . The previous quarter ' s  auct ion s ales yards ' 
p rices and grade 3 BMC price are assumed pertinent in the formation of 
producer price expec tations . 
The mis s ing values mentioned later on in thi s  s tudy refer to 
the t ime when no cat t le auc t ion sales were held . Thi s  may have b een 
due to insuf f i c i en t  numbers of cat tle offered for sale , outbreaks o f  
hoo f  and mouth disease and the lack of buyers . 
CHAPTER V 
PROCEDURES 
COLLECTION OF THE DATA 
Ca t t le auct ion sales data were obtained fro m t he Bot s wana 
Ministry o f  Agriculture 's Lives to ck Market ing Sect ion . T he monthly 
data included the average prices per animal for oxen and cows auc tioned 
at various locat ions in South-eastern Bot s wana . The monthly d a ta wa s 
grouped into quarters o f  the year , by using a pro c  sort by quar ter 
op t ion on t he SAS computer program . This procedure yielded t he sums of 
cows and oxen marke ted per quarter , the mean prices o f  oxen and cows 
per quarter and the ranges of  oxen and cows sold . Locat ions were dis­
regarded in  t he s t at i s t ical analysis . 
The number of cows marketed ranged fro m no s al e s  in the t hird 
and four t h  quarters o f  1 97 7  and 1 97 8  to 446 cows in t he f ir s t  quarter 
of 1 97 6 .  No oxen were auc t ioned in either t he t hird or fourt h quarters 
of 197 7  and 1 97 8 , while oxen sale s reached a maximum number of 1 , 45 7  
head in the f i r s t  quarter o f  197 6. The to tal number o f  cattle auc t ioned 
during t he perio d  o f  t hi s  s tudy was 12 , 4 7 7  comp r i s ing 3 , 014 cows 
and 9, 4 6 3  oxen . 
The Bo t s wana Mea t  Commiss ion provided data on aba t t o i r  p rices , 
carcas s  grades and quar t erly price reviews . Abat t o ir prices  were re­
p orted in Pula (One Pula = $0 . 8 9) per 100 kg . cold d re s sed mas s  by 
grade .  
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Price de f lator data were ob tained fro m " St a t is t i cal Bulletin" , 
Vol ume 6 ,  Number 3 o f  Sep t e mber , 1 981 , p ublished by the C entral S tatis-
t ic s  O f f ic e , Minis try o f  Finance and Develop ment P lanning , Bo t swana . 
The urban and s e mi-urban cost of living index for foo d , bever-
ages and tobacco for the middle-income gro up wa s chosen t o  deflate 
cat tle prices us ing Augus t , 1 980 as a base period . 
Bo t swana ' s  Department o f  Me tereology suppl ied average annual 
rainfall data adj us ted for cattle area s and mea s ured in mil l i meters . 
The Dep ar t ment o f  Ani mal Produc t ion provided data on cat t le ca tegories 
and prices and this raw data was us ed for analysis . 
STATISTICAL ANALYS I S  
2 
The l inear s tepwise maximum R method was used t o  run regres-
s ions us ing the means of oxen or cows auct ioned per quarter in each 
year as dependent variab les . The model used for the number of oxen 
sold per quar ter is presented below : 
( 1 )  Oxen = S10 + S11DPR2 t -l + s12DB
MP t-l + S1 3oxENt -l + 
s
14
QUARTER + S15
RAINFALL + S1 6
HMD + El t  
Where , Oxen 
E 
l t  
the number of  oxen auctioned i n  the c urrent quarter 
an in tercep t term 
p ar tial regre s s ion coefficient meas uring the change in 
the mean value of the dependent var iab le per uni t  change 
in the independent variab le (j = 1-6) 
d i s t urbance term. 
The independent variables used for the oxen mod e l  were : 
1 )  
2 )  
3 )  
4 )  
5 )  
6) 
7 )  
DPR2 
t-1 
DBMP 
l t-
OXEN 
t-1 
QUARTER 
RAINFALL 
HMD 
Deflat ed price o f  oxen lagg ed one quar­
ter 
Deflated aba tto ir grade 3 p r i c e  in Pula 
per 100 kg . cold dr es s ed mas s  lagged 
one quarter 
Number of  oxen auc t ioned in t he p r evious 
quart er 
P eriods derived by d ividing t he y ear into 
quarterly time periods , beg inning f ro m  
January 1s t ,  and added t o  the mod el as 
dunnny variables 
Annual rainfall ( measured from July 1 s t  
of  one year t o  June 30th o f  t he follow­
ing y ear) recorded in mil l i met ers and 
adj us t ed for cat tle areas 
Hoo f and Mouth Disease outbreak,  a 
dummy variable 
Et = A dis turbance term. 
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The mod el used for the numb er of  cows sold p er quart er i s  pre-
sented b elow: 
( 2 ) 
Where, Cows 
E 
2 t  
Cows s20  + s2 1DPR3t-l + 
s
2 2DB
MP
t-l + 
s
2 3
cows
t-l + 
s
24
QUARTER + s25
RAINFALL + S26HMD + EZt 
t he numb er of cows auct ioned in the current quar t er 
an int ercep t  t erm 
p ar t ial regres s ion coefficient measur ing t he c hange in 
t he mean value of the dependent variabl e  p er uni t  c hange 
in t he independent variab le (j = 1- 6) 
dis turbance t erm 
The c o w  model had the follo wing indep endent var iab l es :  
1 )  DPR3 
l t-
Deflated price o f  cows lagged one quar­
ter 
2 )  
3 )  
DBMP 
t-1 
cows 1 t-
Deflated abat to ir grade 3 p rice in Pula 
per 100 kg . cold dres sed mas s  lagged 
one quarter 
Number of  co ws auc t ioned in t he p revious 
quarter. 
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QUARTER , RAINFALL , HMD and Et , defined as in oxen model above . 
The resul t s  p resented below have to b e  viewed and interp reted 
wi th caut ion , b e caus e o f  t he high percentages o f  mis s ing ob servat ions 
and the e f f e c t s  and l imitat ions this prob lem may have i mp o sed on t he 
s ta t i s t ical analys i s . The section on limitations o f  the s tudy will 
addre s s  t his p roblem further. 
The b e s t  four variab le model found for the d ep endent variable , 
oxen , is  p re s ented in Table II . 
The exp lanatory variable , Hoo f  and Mouth Di seas e , was inc luded 
in the re gre s s i on de s i gn but failed to mee t  the sp e c i f i e d  default F 
value tolerance leve l o f  the step wise regre s s ion p ro gra m ,  t herefore , 
this variab le wa s excluded from t he equat ion . 
The lagged p rice o f  oxen , though inc luded in t he resul t s , 
failed to meet the set selection criteria , because i t s  F value is not 
s igni f icant at the 5 %  level of  s ignificance . 
The lagged BMC price and the lagged number o f  oxen p roved s ig-
nificant a t  t he 5 %  level , which tends to sugges t t hat the number o f  
oxen auc t ioned in the current quarter i s  part ially dep end ent on thes e  
two variable s . The s ignif icance of  DBMP t-l may indi ca t e  t he p o s tulate 
that t he Bo t s wana Meat Commis s ion p rice level s tend to p o s i t ive ly in-
fluence the sup p ly o f  oxen at auct ion sales in Bo t s wana . The 
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s igni f icance o f  OXEN t-l seems to sugges t that t he number o f  oxen in a 
p revious quarter tends to  induce an increase in t he numbe r  o f  oxen mar-
keted in t he current quarter and this may be due to a ris ing trend in 
cat tle market ings bet ween the curren t  and previous quarters . 
TABLE II  
REGRE S S ION RE SULTS WITH OXEN AS DEPENDENT VARIABLE 
INDEPENDENT VARIABLE REGRESS ION F VALUE 
COEFFIC IENT 
DPR2 · 
l 
0 . 1 6 7 2 8140 
2 . 1 6 t- ( 0 . 113 95 2 4 1 )  
0 . 4 2 96 98 7 1  
DBHP t-l ( 0 . 2826 7 97 4 )  2 . 3 1* 
0 . 101 7 41 4 6  
OXENt-l ( 0 . 0623186 3 )  2 . 6 7 *  
-1 3 . 92315540  
QUARTER ( 2 . 1 0 5 6 97 5 5 ) 4 3 . 7 2 ** 
-0 . 1 2 6802 5 7  
RAINFALL (0 . 02121040)  3 5 . 7 4** 
S tandard error s in parenthes i s ; 
F value s for ind ividual regre s s ion coef f i c ien t s ;  
5 C r i t i cal F258  0 . 05 2 . 2 9 
= * S igni f icant at 
5% level 
0 . 01 = 3 . 17 
Mo del F 2 5 . 63** , R-s quare 
S igni f icant a t  
* *  = 1% leve l 
0 . 3 31 902 8 3  
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Cons ider in g  t hat oxen are pr imar ily kep t  for market , although 
they may s erve a weal t h  func t ion , t hi s  result s eems cons i s t ent with 
general exp ectat ions . This may be so , because an increas e in the num-
b ers o f  oxen sold in addi t ion to o t her fac tors , may indi c a t e  an income 
ef fec t . 
The variab l e, quarter , a proxy for s eason o f  t he year , is  s ig-
nif icant at t he 1% l evel of  s ignificance. The invers e r elationship 
bet ween t he current quar t er ' s  oxen sales and c hange of s eason is  as ex-
pec t ed , based on t heoret ical cons iderat ions . This result may b e  due to 
the pos tulated s easonal ef fec t s  on oxen available for market , due to 
o t her demands on oxen as s easons change, l ike draught po wer needs and 
t he apparent s easonal i ty in s elling . 
Rainfall , t he p roxy used for available forage res ources , is  
s igni f icant at the 1% l evel of  s ignificanc e. The invers e relat ionship 
b et ween t he numb er of oxen auc tioned and the rainfall s eems cons i s t ent 
wi t h  exp ec t ed oxen supply respons e under tradit ional management . In-
creas ing rainfall may tend to reduce oxen market ings , b ecaus e the 
abundance o f  forage resources is  l ikely to ensure weight gains that may 
increa s e  t he wea l t h  role to be tapped in t he future. S econdly , in-
crea s ing rainfall may t end to reduce the numb ers o f  oxen auc t ioned 
becaus e o f  the l ikel ihood of  adequate crop harves ts to meet sub s i s t ence 
needs . Generally , when sub s i s t ence food requirements are met from pro-
ducers ' crop harves t s , there tends to be a reduct ion in subs i s t ence 
cash needs , whic h  is  one o f  the reasons for s elling oxen .  
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T he ove rall regre s s ion model explained only 33% of the variance 
in quarte rly oxen sale s . This R2 value is  low and may be due to the 
incidence o f  mis s ing observat ions and some variables excluded from t he 
model due to lack o f  data . This regres s ion model was run wi t h  4 5 %  of 
the ob servat ions deleted due to mi s s ing values . The same percentage o f  
observat ions was mis s ing i n  the cow data . 
The best  regress ion model for quarterly cow market ings is  pre-
sented below: 
TABLE III 
REGRE S S ION RESULTS WITH COWS AS DEPENDENT VARIABLE 
INDEP ENDENT VARIABLE REGRE S S ION 
COEFFIC IENT 
F VALUE 
DPR3 t-l 
DBMP
t-l 
cows t-l 
QUARTER 
RAINFALL 
0 . 01401 7 7 5  
( 0 . 035 2 6 2 8 4 )  
0 . 1 7 980233  
( 0 . 0 7 8 5 6 6 4 1 )  
0 . 14811355 
( 0 . 063 30404 ) 
-3 . 4 3 7 69 8 7 4  
( 0 . 68110068)  
-0 . 031 6 94 9 7  
( 0 . 0068 6 6 9 4 )  
0 . 1 6 
5 . 2 4 ** 
5 . 4 7** 
2 5 . 4 7 ** 
2 1 .  3 Q.,'dc 
S tandard errors in parenthesis ; 
F values for individual regres s ion coe f f i c i ent s ;  
5 
C r i t i cal F2 5 8  0 . 05 
2 . 2 9  
0 . 01 3 . 1 7 
Mo del F 15 . 4 4** , R- square 
* S igni f icant at 5% 
level 
** S ignf i cant a t  1%  
level 
0 . 2 3 0 2 7 04 0  
.,., 
-
The lagged price of  cows , DPR3 1 , was no t s igni f icant a t  t-
the 5% level o f  s igni f i cance . Cons idering that the cow cycle in 
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Bo t swana is  three years and that the lag perio d used in this s tudy is  
three months , th is result is no t surprising . 
The lagged abat to ir price , DBMPt-l ' was s i gn if i cant a t  the 1% 
level o f  s ign i f icance . The pos i t ive s ign o f  DB MP 1 • s  e s t i ma t ed re­t-
gres s ion coe f f i c ient sugge s t s  that an increase in the aba t to ir price 
in one quarter would tend to increase the number o f  cows marke ted in 
the next quar ter . Thi s  is the relationship that wa s expected,  because 
DBMP t-l was as sumed to be a pos it ive indicator for p ro ducers to  in-
crease cow sales . 
The proxy for season of  the year , quarter , turned out s igni f i-
cant a t  the 1% level o f  s i gnificance . The negat ive regr e s s ion co-
e f f ic ient is as expected because o f  reduced cow marke t ings tha t tend 
to be induced by changes from one season to the next , as discus sed 
under " C l i ma t ic Fac tors" in Chap ter IV . 
The number o f  cows auc tioned in period t-1 s igni f icantly in-
f luences cow marke t ings in the current quarter at the 1 %  level o f  s i g-
nif icance . The p o s i t ive s ign o f  the variable COWS t -l i s  puz z l ing , 
g iven the short-run nature o f  the s tudy .  However , i t  may be that an 
increase in c ow sales in the previous quarter may induce increased cow 
sales in the subsequent quarter , because o f  a ris ing trend in supply 
s e t  in the previous quarter . 
-
··� 
'1)1 
-
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The regre ss ion only exp lained 2 3 %  o f  the variance i n  the number 
of cows auc t ioned per quarter .  2 This is  indeed a low R value and 
imposes l imi tat ions on the predic t ive power of the mode l . 
o f  mis s ing observat ions was also prevalent in the cow data . 
The prob lem 
2 The low R 
value may also indi cate the absence o f  some importan t  exp lana tory vari-
ables . The extent o f  mi s s ing observat ions in the d i fferen t  quarters 
analyzed in Tab le s  IV- IX was as fol lows : 
QUARTER 
1 
2 
3 
4 
% MIS S ING OBSERVATIONS 
40 
20 
60 
6 0  
The percentages o f  mis s ing observations for oxen and cows were 
ident ical in all quarters . In order to gain s ome ins ight s  about which 
exp lanatory variab les have impac t s  on oxen and cow sales , separa te s t ep- · 
wis e /maxR
2 
regre s s ions were run for each quarter through a l l  the years 
in the s tudy perio d .  The independent variables spe c i f ied in the resul t s 
p resented above we re used . 
The resul t s  for QUARTER 1 ,  for the period 1 9 7 6-1 9 8 0  were as 
presented in Table IV . 
p 
-
TABLE IV 
STEPWIS E  MAXR2 RESULTS WITH OXEN AS DEPENDENT VARIABLE 
FOR QUARTER 1 IN THE PERIOD 1 9 7 6- 1 9 8 0  
INDEPENDENT VARIABLE REGRES S ION 
COEFFICIENT 
F VALUE 
DPR2 t-l 
DBMPt-l 
OXENt-l 
0 . 21906 6 9 9  
( 0 . 36082 6 7 3 )  
-0 . 1 7 2 84 900 
( 0 . 8 4 2 6 3 2 8 1 )  
-0 . 06988303 
( 0 . 1 2 5 2 6 6 9 3 )  
0 . 3 7 
0 . 04 
0 . 3 1  
RAINFALL -0 . 13255612  
( 0 . 04 2 6 6 6 24 ) 
9 . 6 5 ** 
S t andard errors in parenthes is ; 
F value s for individual regress ion coeff icient s ;  
Crit ical 
4 0 . 05 2 . 5 3 * 
S igni f icant at  5 %  
F6 7  
= 
level 
0 . 01 3 . 65 ** 
S i gnificant at 1% 
level 
Model F = 3 . 2 3 * , R-square = 0 . 1 61818 9 1  
3 7  
The f our indep endent variables included i n  the s tep-wis e/maxR2 
regre s s ion were DPR2 
l
' DBMP , OXEN and RAINFALL , and only RAIN-t - t-1 t-1 
FALL turned out t o  be s ignif icant at  the 1% level of s ignf icance . The 
s igni f i cance o f  rainfall t ends to suppor t the hypo thes i s  that the in-
creas ing availab il i ty of forage resources t ends to reduce market ings o f  
oxen . There is  n o  s ta t i s t ical backing t o  support any further comment 
on the non- s ign i f icant variables . -
··�� 
� 
w.Jo 
-
TABLE V 
2 
STEPlVI SE MAXR RESULTS WITH OXEN AS DEPENDENT VARIABLE 
FOR QUARTER 2 IN THE PERIOD 1 9 7 6- 1 9 8 0  
INDEPENDENT VARIABLE REGRE S S ION 
COEFFIC IENT 
F VALUE 
DPR2 t-l 
DBMP t-l 
OXEN 
t-1 
RAINFALL 
-0 . 05365 4 2 7  
( 0 . 2 2 6 7 0 0 6 9 )  
1 . 1604 1 2 3 8  
(0 . 4 540444 7 )  
0 . 0 7 10 9 6 02 
( 0 . 104 9 3 5 9 2 )  
- 0 . 1 7 4 5 65 01 
( 0 . 03542640)  
0 . 0 6 
0 . 46 
2 4 . 2 8** 
S tandard errors in parenthesis ; 
F value s for individual regre s s ion co e f f ici ent s ;  
4 
Critical Fg1 0 . 05 2 . 5 3 = * 
S ignificant a t  5 %  
level 
O . Ol = 3 • 65 = ** = 
S igni f i cant a t  1% 
level 
Model F = 1 5 . 30** , R-square = 0 •. 4 0 2 0 6 1 6 7  
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In the second quarter , regress ion coeff ic ien t s  for  DPR2 and 
t-1 
OXEN
t-l were fo
und not to be s ignificantly dif ferent f rom z ero at the 5% 
level of  s i gnificance . However ,  regres s ion coef f ic ient s  for independent 
var iab les RAINFALL and DBMP were s igni f icant at the 1% level of sig-
t-1 
nif icance . The p o s i t ive s ign o f  the regres s ion coe f f i c ient for the 
lagged ab a t t o ir p rice tends to supp ort the postulate that increases in 
abattoir p r i ces tend to induce an increase in numbers o f  oxen auct ioned . 
""' 
-
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This may b e  exp e c ted b ecause in the second quarter producers may be re-
act ing to aba t t o ir prices es tab l ished in the f irs t quart e r  and again , 
the second quarter s i gnals the beginning of the dry s ea s on , a period 
when forage and water resources are becoming s canty . 
Ra inf all and oxen market ings are inversely related . Thi s  resul t 
seems c ons i s t ent with theoret ical expec tat ions for the s ame reasons men-
t ioned in earlier result s .  
The model exp lains 40% o f  the variance in oxen s o ld and th is 
leaves the model wi th a low pred ictive power � The s tandard errors o f  
the regre s s ion coe f fi c ient s  f o r  lagged oxen , lagged BMC p r i c e  and lagged 
cows in Tab les IV- IX are larger than their regre s s ion coef f i ci ents . 
This may indicate tha t a high degree o f  mul t icoll inearity exi s t s  and as 
a resul t , it  may be imp o s s ib le to isolate the ind ividual e ff e c t s  o f  the 
exp lanatory var iables . The large s tandard errors may ten d  t o  make the 
conf idence intervals for the relevant populat ion parame t er s  larger and 
render samp le data compatib le with a d iverse set of hyp othes es . 
I t  mus t  be no ted that whenever the s tandard error exceeds the 
regre s s ion coefficient , the concerned var iable is no t s igni f i c an t  a t  
the 5% level . 
TABLE VI 
STEPWI SE MAXR
2 
RESULTS WITH OXEN AS DEPENDENT VARIABLE 
FOR QUARTER 3 IN THE PERIOD 1 9 7 6-1 980 
INDEPENDENT VARIABLE 
DPR2 
t- 1 
DBMP t-l 
OXENt-l 
RAINFALL 
REGRE S SION 
COEFFIC IENT 
0 . 01020445 
( 0 . 301 8 6 7 3 3 )  
2 . 5 3 6 6 9 3 3 5  
( 7 . 5 7 3458 7 6 )  
-0 . 046 8 3 7 8 9  
(0 . 1 7 0 6 28 8 7 )  
-0 . 22588131  
( 0 . 31845 7 6 7 )  
F VALUE 
0 . 00 
0 . 11 
0 . 08 
0 . 5 0  
S tandard errors i n  parenthesis ; 
F value s for individual regre s s ion coefficient s ;  
Crit ical 
4 S igni f i cant a t  F4 3  0 . 05 
= 2 . 61 = * 
level 
0 . 01 3 . 8 3 ** 
S igni f i cant a t  
level 
Model F 3 . 7 0* , R-square = 0 . 2 5 600348 
5 %  
1 %  
4 0  
None of the indep endent variables specified a r e  s igni ficant a t  
the 5 %  level o f  s i gni ficance f o r  the third quarter . Any comment would 
be speculat ive and therefore , resul t s  for the fourth quar ter fo llow . 
-
1 81j\ 
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TABLE VII 
2 
STEPWISE MAXR RESULTS WITH OXEN AS DEPENDENT VARIABLE 
FOR ' QUARTER 4 IN THE PERIOD 1 9 7 6-1 98 0  
INDEPENDENT VARIABLE 
DPR2 t-l 
DBMP t-l 
OXENt-l 
RAINFALL 
REGRESS ION 
COEFFIC IENT 
- 0 . 055636 7 2  
( 0 . 1435 7 6 9 3 )  
0 . 04510431 
( 3 . 7 04 9 64 1 7 )  
0 . 013 3 8 7 24 
( 0 . 14070059)  
0 . 03110120 
( 0 . 2 2 9 9 95 4 7  
F VALUE 
0 . 1 5 
0 . 00 
0 . 01 
0 . 0 2 
S tandard errors in parenthes i s ; 
F value s for ind ividual regres s ion coeff ic ient s ;  
4 
Crit ical F4 3  0 . 05 
2 . 6 1 = * 
0 . 01 = 3 . 8 3 ** 
S ignf icant at 5 %  
level 
S ignificant at 1% 
level 
Mo del F = 0 . 4 3 ,  R-square = 0 . 088 8225  
4 1  
None o f  t h e  variables help s to  exp lain t h e  var iance i n  oxen auc-
t ioned in thi s quarter at the 5%  level o f  s igni f icance . The third quar-
ter had 60% o f  the ob servations mis s ing and the s ame proport ion of  
ob servat ions was mis s ing in the fourth quar ter . When the model is run 
with only 4 0% o f  the ob servat ions , result s  of this nature may be expec-
ted . 
4 2  
Mi s s ing value s re fer to times when n o  c a t t l e  auc t ion s a l e s  were 
hel d .  This may have been due to insuff ic ient numbers o f  � a t t l e  o f fered 
for· sale , outbreaks o f  hoo f  and mouth disease or the lack of buyers . 
The resul t s  wi th cows a s  dependent variable now f ollow. 
TABLE VI II 
STEPWIS E  MAXR2 RESULTS WITH COWS AS DEPENDENT VARIABLE 
FOR QUARTER 1 IN THE PERIOD 1 9 7 6-1980  
INDEPENDENT VARIABLE REGRESS ION 
COEFFICIENT 
F VALUE 
DPR3 
l t-
DBMP t-1 
cows t-l 
-0 . 03704 2 1 8  
( 0 . 08420934)  
0 . 11240635  
( 0 . 15 94381 7 )  
-0 . 08 7 7 0 7 0 9  
( 0 . 1 24 7 5 7 6 7 )  
0 . 1 9 
0 . 5 0 
0 . 4 9 
RAINFALL -0 . 03002 8 1 9  
( 0 . 0140555 2 )  
4 . 5 6* *  
S tandard erro rs i n  p arenthe s i s ; 
F value s for individual regress ion coe f f i c ient s ;  
4 0 . 05 2 . 5 3 * 
S ignif icant at 5% 
Crit ical F 6 7  
= 
level 
0 . 01 = 3 . 65 ** 
S igni ficant at 1% 
level 
Model F = 1 . 7 2 ,  R-square = 0 . 0 9 31 2 7 8 7  
The whole regre s s ion model is no t s igni fi cant a t  the 5 %  level 
Only rainfall is  s ignificant at the 1% level of of s ignificance . 
s igni f icance with a ne gat ive s ign for the regress ion coe f f icien t . An 
inverse relat ionship may be expected between increas ingly abundant 
forage re sources and the number of cows marketed . Thi s  would b e  an 
opportunity to inc rease herd size  with the assured graz ing and water 
supplies . But , the R2 value o f  0 . 09 makes the model of que s t ionab le 
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exp lanatory value . I t  may also be noted that the f ir s t quart er is  the 
calving season in Bot swana , so the reported 60% of miss ing observations 
is no t surpris ing . 
TABLE IX 
2 
STEPWISE MAXR RESULTS WITH COWS AS DEPENDENT VARIABLE 
FOR QUARTER 2 IN THE PERIOD 1 9 7 6-19 80 
INDEPENDENT VARIABLE 
DPR3t-l 
DBMP t-1 
cows t-l 
RAINFALL 
REGRE S S ION 
COEFFICIENT 
-0 . 00015 543 
( 0 . 0 7 2 8 6 7 4 8 )  
0 . 318 7 2 2 9 3  
(0 . 1118445 3 )  
0 . 1 7 9 5 9 5 2 9  
( 0 . 0986 3 5 9 5 )  
-0 . 0448 8 3 9 6  
( 0 . 011304 8 7 )  
F VALUE 
o . o o 
8 . 1 2 ** 
3 . 3 2 *  
15 . 7 6* *  
S tandard errors in parenthes is ; 
F value s 
Crit ical 
Mo del F 
for individua l regress ion coe f f i cient s ;  
4 2 . 5 3 0 . 05 = F91 
0 . 01 3 . 65 
11 . 04** , R- square 
* 
** 
S ignificant a t  5 %  
level 
S ignif i cant at 1% 
level 
0 . 3 2 6 6 98 8 3  
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In quarter 2 ,  the who le regress ion mo del i s  s ignifican t  at 
the 1% level of s i gn i f icance . The model , however ,  help s exp lain only 
32 . 6% o f  the variance in the numbers o f  cows auct ioned . The lagged 
price of cows is  not s ignif i cantly dif ferent from zero . 
The lagged aba t t o ir price , DBMPt-l
' is  s ignif icant a t  the 1% 
level o f  s igni ficance . The po s i t ive s ign o f  i t s  regre s s ion coeffic ient 
sugge s t s  an increase in the numbers of cows marke ted as DBMP 1 in­t-
creas e s . 
The number o f  cows auctioned in quarter 2 ,  COWS t-l ' is  s ignifi-
cant a t  the 5% leve l , sugge s t ing increas ing cow s ales in the current 
quarter induced by sales in the previous quarter . Thi s  result may be 
explained by delayed response to marke t forces , because of poor infor-
mat ion f low and o ther factor s . 
Rainf all , the proxy for forage resources ,  is s i gnificant at 
the 1% level of  s igni f i cance . The sign for its regres s ion coefficient 
is negative . This inverse relat ionship be tween cow marke t ings and 
rainfall sugge s t s  tha t  decreasing rainfall may tend to induce an in-
crease in cow s ales . This i s  consistent wi th the hypo the s is that 
drought condi t ions may result in increased cow sales , when death losses 
reduce the relat ive impor tance o f  hold ing cat tle for wealth purposes . 
Quar ter s 3 and 4 had non-s ignificant resu l t s  and i t  may b e  no ted 
that the two quar ters both had 60% of their observat ions miss ing . Also , 
auc t ion sales were s uspended in the fourth quarter o f  1 9 7 7 , b e cause of 
an outbreak of  hoo f and mouth disease . There was a general reduct ion in 
-
... . ,� 
cat tle sales in the third and fourth quarters in the f ive-year period 
s tudied . 
DISCUS S ION OF THE RESULTS 
The resul t s  of the s tudy by Doran et . al . , on , "Cat t l e  As a 
S tore o f  Weal th in Swa z iland . : • • •  " , 1  are relevant for comparison wi th 
this s tudy ' s resul t s  s ince Doran ' s s tudy deal t  with cat tl e  sales from 
a trad i t ional sector in a count ry faced with p rob lems s imilar t o  
Bot swana . 
Do ran et . al . , found an inverse relationship b e tween cattle 
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supply and rainfall that was s igni ficant for their annua l  mul t iple re-
gres s ion model . Thi s  s ame relat ionship was found in thi s  s tudy , thus 
sugge s t ing that rainfall and cat tle market ings are inve r sely related 
and that the quant i ty of range resources i s  inversely r e lated to cattle 
sales . Doran ' s  model explained 65% o f  the variation in o f f- t ake , while 
this s tudy ' s model wi th the least  number o f  mis s ing obs ervat ions ex-
plained 40% o f  the variat ion in the number o f  oxen auct ioned and 3 2 %  o f  
the var iat ion i n  cow sales . 
Given the cons traint s in this s tudy and the d i f ference in the 
quali ty of the data , the se resul t s  are cons istent with a priori cons ider-
at ions .  
The resul t s  indicated a p o s i t ive relat ionship b etween the abat-
toir p r ice per 100 kg . cold dres sed mass and cat tle marke t ings . Thi s  
lDoran , M . H .  et . al . ,  Opci t . , P • 4 3 . 
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is  what theory would sugge s t , but then the low coe f f i c ien t s  o f  d e te rmi-
nat ion found ind icate that the resul t s  mus t  be interpreted with caut ion . 
Theore tical cons iderat ions sugge s t  that the season o f  the year 
has an impact on both oxen and cow sales . The variable , quarter , a 
proxy for season , was s ignif icant at  the 1% level in Tab le s  I I  and I I I . 
The overall e f fect  o f  seasonal change is  nega tive and thi s  i s  p lausible 
when cons idering tha t there were no auc tion sales held in 25% of the 
seasons included in the study . The re sul t s  for the s ep arate quar terly 
regre s s ions through all the years included in the s tudy ind i ca t e  the 
dif ferences in the numbers of cattle suppl ied at auc t ions among s easons . 
Lagged quan t i t ies o f  oxen and cows were found to b e  pos i t ively 
related to current cat tle market ings . This may sug ge s t  a much delayed 
producer response to marke t forces . 
The se cond quarter ' s  resul ts we re the best  for bo th oxen and 
cows . Several fac tors may have resulted in this out come . The s econd 
q uar ter is the period when producers reac t to the aba t to ir p r i c e s  s e t  
in the fourth and firs t quarters and a period when the ra iny s ea son has 
ended . The se cond quarter is the beginning of the winter , a t ime when 
forage resources are ge t t ing s carce and producers tend to s e ll cat tle 
to safeguard themselves agains t pos s ible drought lo s se s . 
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THE PROBLEM OF MIS S ING OBSERVATIONS 
P indyck and Rub inf ield s tated that , " Our emp irical work is o f ten 
comp licated by the fact that observat ions for one o r  mo r e  variab les may 
2 
be mis s ing" Thi s  study was no excep t ion and the mis s ing obs ervat ions 
were deleted in the SAS computer program used . S everal e s t ima t ion pro-
cedure s for mi s s ing values in t ime-series data wer e  out l ined by Maddala , 
and none o f  them was found bet ter . than the o thers . 3 
No de finite relat ionship could be drawn between the p ercentages 
o f  mis s ing values and the coe f f i c ient s  o f  determina t ion . However , the 
2 
random pattern between R value s and percentages o f  mis s ing values in 
the data is  pre sented below with oxen as the dependent variable . 
QUARTER 
1 
2 
3 
4 
% MI S S ING 
OBSERVATIONS 
40 
20 
60 
60 
R2 VALUE 
1 6  
4 0  
2 5  
3 
Although it  was due to the prevalence o f  mis s ing obs erva t ions 
that cau t ionary remarks were made throughout the p r esent a t ion of  the 
res ults , it mus t , however , be remembered that mis s ing values may no t b e  
2 
d s d Rub inf ield ,  D . L . , Economic Models  and Economet ric P in yck , R .  • an 
Forecas t s . 
3Maddala , G . S . , Econome tric s , Univers ity o f  Fl
or ida , McGraw-Hill Books . 
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the only factor resp ons ible for the low exp lanatory power of the models ; 
mul t icoll inear i ty may have been as ind icated earl ier . 
CHAPTER VI 
SUMHARY AND CONCLUS IONS 
SUMMARY 
The s tudy set out to examine and inves t igat e  s ome o f  the factors 
that impact on the supp ly of bee f-cat t le at auc t ion sales in Botswana . 
The Bo t swana Mea t  Commi s s ion pr ice per 100 kg . cold d re s s ed mas s  was 
found to be p o s i t ively related to the quant i t ies o f  oxen and cows 
auc t ioned . 
The availab i l i ty o f  range resources· p roved to b e  an important 
factor in cattle supp l ie s  at auc t ion sales . The inverse relat ionship 
found be tween range resource avai lab i l i ty and numbers o f  cat tl e  auc-
t ioned i s  cons is tent with the f indings o f  o ther s tudies in Southern 
Afr ica . The effect  o f  hoo f  and mouth disease could no t b e  exp lained 
s tatis t ically , because thi s  variable failed to meet spe c i f ied entry 
2 
level s  into the s tep-wise maxR regress ion method o f  analysi s . 
There was a negat ive variation o f  ca t t le market ings wi th change 
of season . The models for oxen and cow sales gave their maximum R
2 
value for the second quarter and their minimum explanatory p ower in the 
fourth quarter . 
The lagged quant i t ies o f  oxen and cows were p o s i t ively associ-
ated wi th the current quarter ' s  marke t ings . But the lagged p rices o f  
cows and oxen had n o  s i gnif icant explanatory power . 
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Primary da ta. for analysis were obtained from var ious Mini s tries 
and organizat ions in Bo t swana . The s tudy covered a f ive-year period in 
which there was a notable reduct ion in cattle auct ion sales  in the 
third and fourth quarters of the year . 
The SAS program was used to analyz e  the data emp loying the s t ep -
2 
wise maxR regre ss ion option . The variables tha t  were f o und to s igni f i-
cantly exp lain the variation in quant i t ies o f  oxen and c ows auc t ioned 
were , rainfal l , quarter , cows t-l and oxent-l
• 
CONCLUS IONS 
The supp ly o f  cat t le at auct ion sales in Bo t swana may , at f irst 
glance , app ear cont rary to economic theory . But , when the peculiarit ies 
in ca t t le husbandry and management faced by Bo tswana p ro ducers are con-
s idered , s ome rat ional economic conclus ions may b e  made . 
There was a highly s i gnif icant inverse relat ionship between 
ca t t le sales and rainfall , a proxy variable for range resource avail-
ab ility . Thi s relat ionship tends to support the hypo the s i s  that when 
fo rage resources are abundant , the building up o f  herds b ecomes the main 
obj ec t ive among t radit ional farmers . Consequen tly , the range condi t ion 
was found to be an important exp lanatory variab le of the variat ion in 
cat t le numbers a t  auct ions . 
The season o f  the ye ar was s i gnif icant , sugge s t ing a s trong 
seas onal pat tern in market ing . The las t two seasons o f  the year dis-
playe d  reduced cat t le sales . Cont rary to expec tations o f  increas ed 
cat tle supply a t  auc tion markets in the fourth quarter , the emp ir ical 
evidence d id no t support this . The resul t s  show a reduct i on in cat t le 
auct ion sales with the ons e t  o f  the rainy s eason . This t ends to  
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sugges t  that p ro ducers may be reluc tant t o  market cat t le in the expec-
tat ion o f  abundant graz ing re source s , and hence an opportuni ty to 
increa se herd size and weal th . Under the extens ive cat tl e  management 
system such a s  Bo t swana ' s ,  owning large herds is  a s a feguard agains t 
drought and d isease . 
2 
In the s t epwis e  maxR resul ts  pre sented in Tables  I I  and I I I , 
the lagged numbers o f  oxen and cows were s ignif icant . Thi s  t ends t o  
sugge s t  that producers respond to a trend o f  market and environmental 
forces in o f fe ring animal s  for sale . 
L IMITAT IONS OF THE STUDY 
This s tudy examined several factors hyp o thes i z e d  t o  have im-
pac t s  on the supply o f  cattle at auction sales in Bo t swana . The dura-
tion o f  the s tudy had t o  be l imited to f ive years ' data , because 
organized ca t tle auc t ion sales were only s tarted in 1 9 7 5 . 
Cattle s ales  are reduced in the latter half o f  the year . Con-
sequently , up to 60% o f  the observations had mis s ing data for the third 
and fourth quarters . This deficiency in the data had negat ive e f fects 
on the s ta t is t ical re sul t s  of annual models . Quarterly mod e l s  were 
run to alleviate the p roblem of mis s ing data but even this d i d  no t eli-
mina te the problem .  
I t  mus t  be remembered that auct ion market s  a r e  no t t h e  only 
selling outle t s  use - by farmers . In addi t ion , the pra c t i c e  o f  sel l ing 
ca t t le wi thout the use o f  we ighing scales occurs and may imp o s e  l imi-
tat ions on the ava ilable data . Other cat tle auc t ion sales s tudies have 
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used l ive animal we ight as an exp lanatory var iable . Mis s ing observa-
t ions , however , remained the mo s t  limit ing fac tor . Further da ta 
collect ion e f fo r t s  and analysis  of  auct ion market s  in B o t swana should 
contain means t o  correct the mis s ing ob servat ions prob lem .  
The large s tandard error s o f  the regress ion coe f f ic ien t s  sug-
gest that mul t i- co l l inearity may be a problem in the mod e l  and this 
would make it imp o s s ible to isolate the ind ividual e f f e c t s  of the in-
dependent var iable . The main p roblem with ordinary lea s t  s quares e s t i-
mators under such circums tances is that they are ineff i ci ent . 
I f  the model is  used for predic t ive purposes  only and the col-
l inear relation that exi s t s  in the sample can be expect ed t o  exis t  in 
the future , then mult i-co ll inear ity is not a serious p robl em .  However ,  
when reliable e s t imat ion o f  parame ters i s  part o f  the obj e c t ive , then 
mul ti-collinearity be comes a problem due to the d i f f i cul t ies a s s o c iated 
with high s t andard erro rs l ike the widening o f  the confidence inter-
1 
val . 
The e f fect o f  the random variable , Hoo f  and Mouth D i seas e ,  
could no t be accounted for s tatist ically . Also , the sub s i s t ence cash 
ne ed o f  cat t l e  pro ducers could have been inc luded as an exp lanatory 
var iable , but due t o  the unavailab i lity of  data this var iable was ex-
e luded . 
lGuj arat i ,  D . , Bas ic Econometrics ; McGraw-Hill Book Co . ,  pp . 17 1-18 8 . 
The p roblems outline d above indicate that the models  used in 
this s tudy wil l  require further s tatist ical re f inement before being 
used for explanatory o r  p red ictive purposes . 
SUGGEST IONS FOR FURTHER RESEARCH 
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Further research needs t o  ident i fy o ther p e r t inent var iables 
that can help explain the short-run supply o f  cat t le at auc t ions . Ex­
p erimen ta t ion with model specificat ions not used in this s tudy may also 
aid in qual ity of resul t s  in the future . The exis t ence o f  mul t i­
coll inearity in the explanatory variables should b e  inve s t i ga t e d  and , 
on detect ion , remedial measures should be taken . 
Thi s  may be the t ime for introduc ing a live-cat t le cla s s i f ica­
t ion sys tem .  This may include the weight and age o f  the animals auc­
tioned . Data on the contribution of sub s i s t ence cropp ing to to tal 
subsis tence cash needs requires gathering , as this may lead to ins i ghts 
on cattle sales during d i f ferent seasons . The effect of e conomic d ev­
el opment s  l ike road improvement ,  al ternative market ing outlet s ,  the 
increas ing opportunit ies o f  sat i s fying sub s i stence cash needs f rom 
waged employment and imp rovements in animal health and husbandry need 
to be inve s t igated . 
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